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Shortcut Shot Detection Based on Compressed Video
Bitstream

Kwang Ryol Ryu and Young Bin Kim, Member, KIMICS

Abstract—The shortcut shot detection based on
MPEG compressed video bitstream is presented in this
paper. The detection algorithm is used the video picture
frame from MPEG compressed video directly not to be
decompressed the original image. For shortcut detection,
I and P frame of MPEG video bitstream are classified.
The changing scene cuts at I pictures are detected by the
decompressed DC image and scene cuts at P picture
frame by monitoring the percentage of intra-macroblocks
per P picture are detected. Experimental results using test
video bitstream QVGA results in average 92% detection
rate, searching time is taken around 4.5 times faster in
comparison with changing scene shot detection
algorithm which is decompressed the compressed
bitstream.

Index Terms—Shortcut shot detection, changing
scene, video picture type, macroblock, MPEG, bitstream

1 INTRODUCTION

A demand of sequential indexing and fast searching in
mass multimedia information is increased progressively.
In order to fulfill the request these video streaming
method needs to partitions for scene by scene, the shot
detection technique on a changing scene is required that
search for the shot image position in the sequence of
video frames wholly. There are two type different
techniques for a changing scene, frame base or
compressed video base. This method of frame base
enables to detect a changing scene clearly in comparison
with the detection method based on the compressed
video data because of using the special value on the
frame like histogram. However it takes a much time to
calculate the operations for detecting of the changing
scene. An objects and camera moving fast, and variation
of illumination instantaneously, and the gradual
changing scene is not sensitive. Miller and Mai proposed
the method using edge for overall a changing scene
detection in cut, fade-in, fade-out, dissolve, wipe. Zabih
et al proposed an edge-based method, which detects the
appearance of intensity edges that are distant from edges
in the previous frame and appears to be more accurate at
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detecting and classifying a changing scene detection
points that are difficult to detect with intensity
histograms. Hampapur and Shaharay et al has proposed
model base method for problem of histogram level.
[1~6]

There are several other advantages using the base on
the compressed video bitstream method, first, there are
less number of data in compressed domain verse
pixilated domain which reduce the overhead running an
algorithm. Secondly, the small block of data files are
processing in compressed method will reduce total
processing time. Lastly, these data doesn’t need to
recover on the original format and also reduce total
processing time. However, this format doesn’t use a
touch original frame futures, picture quality is not as
good as the other method. Arman et al proposed
segmenting JPEG video with a difference metric based
on the correlation between DCT (Discrete Cosine
Transform) coefficients of consecutive frames. Zhang et
al proposed an approach to exploit the information of
motion vectors between consecutive P (Predicted
picture) frames to detect the camera motion. Nakajima
has developed a fast changing scene detection approach
by calculating the correlation of DCT coefficients of I
(Intra-picture) frames. However changing scene in P or
B (Bidirectional predicted picture) picture frame did not
detect. Also, Meng has proposed for abrupt shot
boundary detection is used the moving vector
distribution, and the gradual shot boundary detection is
used the DC coefficient difference of DCT. [7~11]

This paper is proposed a shortcut shot detection
method using I and P picture frame in MPEG
compressed video bit stream for changing scene shot
detection. The expands are that I and P frames are
classified picture type to P and I frame, scene cut at I
pictures are detected by decompressed DC image and
changing scene shot at P picture frame by monitoring the
percentage of intra-macroblocks per P picture is detected
with experiment. That makes the shot detection to leads
cut position.

II. SHORTCUT SHOT DETECTION

A. Shortcut Detection Processing

The picture types on video streaming can be
distinguish based on format of compressed data by 1, P,
B for GOP(Group Of Picture) or I, P. By any chance, if
the GOP is without B picture type the Zhang method can
not be use to produce the frames. In order to produce
scene conversion the DC picture will be decompressed
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by DCT coefficients base on before and after I picture
types. However, scene conversion which makes P type
can to be produced using 1 picture type by itself. When
threshold value in macroblock is higher the frame
conversion in P picture type use macroblock counts to
produce using shot mode. The whole processing of
shortcut shot detection is shown in Fig. 1 by based on
moving compensation of MPEG. The compressed video
bitstream MPEG is inputting is divided into I and P
picture types. I picture is analyzed DC image from DCT
coefficient and is operated histogram, and it is compared
with the preceding I picture histogram. The divided P
picture type is calculated the number of macroblocks and
is applied to threshold value.

1 Picture DC image Histogram
Frame Process Comparison
> na Dt

MPEG Video

Bitstream Shot

Detection

P Picture Macroblock Verity
Frame ™ Process -p Threshold

Fig. 1 Shortcut shot detection procedure

B. Moving compensation

The MPEG video streaming is classified audio and
video signal on the frame header. The video signals are
organized by number of individual picture frame. The
Picture means, non-motion video, and GOP are the
motion picture. The MPEG formed with four different
picture frames, these are distinguished by header
information. I frame does not compensate the movement
but encode the corresponded frame by DCT. P frame
operates DCT to the difference in the moving
compensation of I frame or the P frame. B frame
compensates the movement like the P frame. But, unlike
the P frame, it compensates from the reference frames (I
or P). GOP configuration is I frame and P frame, or it
can include 1 frame, P frame, and B frame. In the GOP
configuration, at least one I frame is required. Fig 2 is
shown the video sequence having the N=15 and M=1. In
the figure, one GOP includes 14 P frames. Frames of
P5~P12 are expressed as dot lines. I frame of gray
becomes the start frame of each GOP. P1 becomes the
second frame which is revived by referring the previous I
frame.

1, 1GOP

Fig. 2 1 and P frames of GOP configuration

C. I frame Shot detection

1 frame can be reconstituted without reference because
it is encoded not removing the redundant information
with the other frames. DC images are decompressed by

using DC term of DCT coefficient on the compressed
video bitstream. DC image is small by 1/64 of the
original image. But, it has the important characteristics
of the original image. These characteristics can be used
in the image analysis effectively. In case of using DC
image, it can process the image quickly as an advantage.
Also, it is easy to decompress the DC image in I frame,
but it is difficult to decompress the DC image in P, B
frames and can be sensitive because of its small size as a
disadvantage. To decompressed DC image intensity of
light is applied to filter to simplify itself. Even the
filtering process makes the simplified image to change
the intensity abruptly in the original image. By such way,
images are decompressed in I picture frame is detected
the changing scene shot using the difference of the
histogram.

D. P frame Shot detection

In case of P frame, the forward moving vector is
detected to be based on the previous P picture frame and
P frame is reconstructed by the detected moving vector.
The changing scene shot is extracted by the variation of
macroblock in neighbor P frame. A macroblock comes
from GOP. A group of picture is a set of picture in
contiguous frames sequence. Each picture is divided into
slice. Slices can be as big as the whole picture and as
small as a single macroblock. A slice header contains
information for its position within a picture and a
quantizer scale factor, between one and 31, that can be
used by the decoder to dequantize the coded DCT
coefficients. A slice has macroblock with 16x16 pixels.
Macroblock consists of 4 blocks with hue and 2 blocks
with luminance. Macroblock is reconstructed using
MPEG header information. The components of 8x8
macroblock consist of luminance(Y), red color: Cr and
blue: Cb. The decoding sequences priority is ordered by
4 luminance elements first, red and blue element
secondly.

The MPEG video bitstream is encoded by macroblock
unit. A macroblock is encoded properly owing to depend
on each frame variation. That is, if the moving
compensation is ineffective caused by changing scene or
intra mode encoding in the corresponding frame is more
effective than the moving compensation result, then
macroblock is encoded in intra mode regardless of the
kinds of the frame. Frame which has this number of
macroblock is plentiful is detected in a candidate shot
because that frame is possible to cause a changing scene

highly. The detected candidate shot & is involved a key
to choose the threshold of historgram difference.
Equation (1) is the condition to detect the candidate shot.

TH_ :MB,, <0

TH,MBy SOSMB,

The macroblock min js the minimum number of
macroblock encoded in intra mode, has 40% of the total
candidate macroblocks by experiment. The macroblock
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MB_, is the maximum number of the macroblock, has
70% of the total candidate macroblocks. Threshold value
TH TH

max  and min to detect changing scene shot
depends on the number of macroblock. Threshold value

TH

max js that the candidate macroblocks s higher
than the number of macroblock of P frame MB,_,, . That
given low threshold value in order to detect in case of
occurring the previous changing scene. TH ;. is that if

the candidate macroblokks 0 is great than and equal to

mmin, and less than and equal to MB

max > 1S given
high value to detect the changing scene having the
similarity relevant to the previous scene. Fig. 3 is shown
the process of detecting the number of macroblock in P,
and P;, and compare with both for detecting the

candidate changing scene.

r
1 Compare with Pz and
| PsPicture macro

i blocks

Fig. 3 P frame macroblocks detection.

III. EXPERIMENTAL RESULTS

In order to evaluate the changing scene shot detection
proposed method, three MPEG-4 video bitstreams are
used. Test bitstream has a compressed GOP structure in
N=15 and M=1. The test video image is applied to
QVGA (Quarter Video Graphic Array) 320x240 pixels
in size such as DMB (Digital Multimedia Broadcasting).
The algorithm is processing in two distinguished steps.
First, the method detects the picture type in frame.
Second, Extract the standard data for a shot detection and
verify whether occur a changing scene or not. DC image
is decompressed in 1 frame, the number of DCT
macroblocks is detected in P frame. 1 frame is detected
each one every GOP. Hence, The DC image is
decompressed by detecting I frame in the first GOP and
the second GOP respectively. The decompressed each
DC image should be normalized by the histogram not to
be sensitive to the change of the light. The histogram
difference is calculated in the DC image. If the
difference is 0.6 over than is detected as a changing
scene shot.

P picture sequence is enumerated between I pictures
as shown Fig.2. The number of macroblocks for all P
ictures should be calculated. If the difference between
the number of the previous P frame macroblock and the
number of the present P frame macroblock is more than
the threshold value, then is detected in the changing
scene. Fig. 4 is shown the result that is progress for shot
and cut detection in the sequence of video frames.

43 f ik AT

a. Sequence of video frames

b. Detected shot and cut frames

Fig. 4 Frame sequences and detected shot frames and
positions

Table 1 is shown the result of scene change detection
using DC image to I frame. As it is shown, when I
picture is used to detect scene change in Video 1, Video
2, Video 3, the rate of detecting are 98%, 92% and 85%.
The accuracy of detecting scene change in the Video 3 is
low. The reason is that Video 3 is fast and large
movement relative to the Video 1, and Video 2.

Table 1 Shot detection at I picture

. Correct False
Test Video Detection | Detection Total Frames
Video 1 75 2 9000
Video 2 79 7 9000
Video 3 102 18 9000

Table 2 is shown the result of the detecting using the
macroblock to P frame. In the test video, the results of
the scene changing shot detection are 98%, 96%, 93%.

To detect of scene changing shot, the threshold values
are 40% and 70%. In case of high threshold value, the
precision increases.

Table 2 Shot detection at P picture

. Correct False
Test Video Detection | Detection Total Frames
Video 1 156 3 9000
Video 2 180 6 9000
Video 3 264 17 9000

Table 3 is shown the result of comparing the detecting
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speed depending on the method. The detecting ability of
the scene changing shot for performing speed is
measured by input of Video 1 in bit stream. That is,
restore the compressed bit stream data to the original
image and detect the scene changing shot by using the
histogram difference of reconstructed image. Method 2,
3 are the basic scene change detecting methods. Method
2 is using the DC coefficient of I frame. Method 3 is the
proposed way. As the result of the experiment, Method 2
and 3 using the compressed data are around 4.5 times
faster than the Method 1.

Table 3 Speed comparison of shot detection

Test Video Method 1 Method 2 | Method 3

Video 1

3.2(17s) 15.6(1/s) 13.4(f/s)

IV. CONCLUSIONS

The shortcut shot detection method to be used I and P
picture type on video bitstream of the compressed MPEG
is proposed in this paper. The method doesn’t need
decode the compressed MPEG bitstream into the original
image for the detection. On I picture, the shot is detected
by comparing with the histograms between DC image is
restored using DCT coefficient and the restored adjacent
DC image for GOP. On P picture referred I picture, the
shot is extracted by the threshold value calculating the
number of macroblock of P picture. The minimum
threshold has about 40% of the total macroblocks and the
maximum 70% of the candidate shot of macroblocks by
experiment. That results lead detection rate to be 92% on
1 picture and 96% on P picture, and also, 92 % on the test
video bitstream QVGA. The proposed method enables to
be faster as around 4.5 times in comparison with the
conventional method and algorithm which the shot
detection is used by decompressing the compressed
MPEG frame. In case of failing to detect the shot at the
same macroblock on the compressed picture, the method
is required to integrate and optimize the algorithm in
future.
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